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CHAPTER I 
1 
1.1 Introduction 
The study of particle nucleus interfrcr. lona has oeen an 
interesting field of investigation during the last severaJ years. 
In the early period, most ot the studies were confined to the 
cosmic ray investigations i\ 5); for at that time cosmic rays 
were the only known source ot energetic particles. These studies 
were, however, not conclusive as the nature and energy of the 
incident particles were not exactly known. With the advent of 
high energy accelerators interest in these studies was revived 
because accelerators could provide beams of known particles of 
controlled energies and fluxes. 
The studies on multiparticle production in high energy 
hadron-nucleus collisions were considered to be a complex and 
messy affair because of the incomplete knowledge . and 
understanding of the particle production processes in hadron-
nucleon collisions at high energies. This problem could not, 
therefore, attract that much attention which it deserved. But now 
the situation has considerably changed and during the last few 
years the study of high energy hadronic interactions has been 
attracting a great deal of attention. 
To explain the experimental results on multiparticle 
production in high energy hadronic interactions, various 
theoretical models have been proposed. These models, in general, 
may be grouped into twc iifferent categories - i) Single step 
models (SSM) and ii) Douiiie step models (DSM). In single step 
z 
models, the final states are assumed t.o be termed instantaneously-
after the collisions; the intranuclear ca?-c.--=i<i< model (6), the 
multiperipheral model (7,8» and the Brenir st.rauhlung model (9) 
belong to this category. In the dout:i«- step models. the 
asympt.otic states are visualized to be reached through 
intermediate states like Nova (10,11), fire-ball (12 - 14), 
cluster (15 - 17) etc. which ultimately decay into final state 
particles. Examples of this category of models are the 
diffractive excitation model (6,18), the two fire-ball model 
(19,20),the hydrodynamical model (21) and the energy flux cascade 
model (22). 
Numerous attempts (23-27) have been made during recent years 
to investigate various interesting characteristics of hadron-
nucleus interactions at accelerator energies. The characteristics 
of inter-correlations amongst the secondary particles observed in 
the final states are likely to provide useful and interesting 
informations regarding the mechanisms of multiparticle 
production in high energy hadronic collisions. In 1978, Anderson 
et al (28) proposed a model which successfully explains the 
variation of grey particle multiplicity with the mean number of 
collisions made by the incident particle inside the struck 
nucleus. Stenlund and Otterlund (29) expanded the model due to 
Anderson et al (28) in 1982. Stenlund and Otterlund (29) have 
successfully predicted correlations between the number of knock-
on particles and the number of particles associated with the 
evaporation process as well as correlations with the number of 
collisions between the incident hadrons and the nucleons inside 
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the target nucleus 
In the present work, an attempt, has been made to test the 
validity of these models by examining the variou?, features of 
slow particles produced in 340 GeV A-^  nucleus and 40<^  UeV proton-
nucleus interactions. These results have been presented in 
Chapter III. Characteristics of hadron-nucleus interactions at 
the two incident energies with and without the emission of 
hadrons in the backward hemisphere (« > ~) are also discussed in 
the same chapter. 
It is experimentally observed (30) that the pions produced in 
hadronic collisions are strongly correlated among themselves 
(31). The observed correlations amongst the secondary pions may 
be attributed to the double step mechanism; i.e., subsequent to a 
collision, massive hadronic systems,like clusters, resonances or 
fire-balls are formed which finally decay into the real physical 
particles. Useful informations about the particle correlations 
may be extracted by investigating the variation of the mean 
charged multiplicity in the forward (backward) hemisphere wjj^ h 
the number of particles in the backward (forward) hemisphere. 
Here the terms forward and backward hemispheres are used in the 
context of pseudo-rapiditity. Results based on the forward-
backward correlations, observed in p-p collisions at FNAL and ISR 
energies (32), reveal that there exists a correlation of 
significant strength between the produced particles which have a 
separation of about 2 units of rapidity. These correlations have 
been understood in the framework of independent cluster model 
(32, 33). Uhlig et al (32) have, however, reported that the 
forward-backward correlations in p-p collisions show a 
significant, energy dependence The range of the correlations in 
the centra i plateau region nave been nb-served by these authors to 
be larger than that expecteri t'ron: the well known short-range 
correlations. The observed c^rre I ation.s have been interpreted as 
correlations amongst the clusters. In the present work, an 
attempt has been made to investigate the forward-backward 
multiplicity correlations In 340 GeV X-nucleus and 400 GeV p-
nucleus interactions The dependence of these correlations on the 
target size are also examined; these results are discussed in 
Chapter IV. 
Another simple way of understanding the mechanism of 
clusterisation of secondary particles is the rapidity gap method 
(34-36). The cluster characteristics of charged secondaries may 
be explained in terms of the predictions of the model dealing 
with the interactions of peripheral nature(37). It has been 
reported (37) that about 90% of the total events possess at least 
one cluster,in fact,there might be several clusters present in an 
event, and a cluster may decay into more than two charged pions. 
By examining the behaviour of the distributions of rapidity 
differences between nearest neighbours, it has been shown that 
the maximum number of charged pions originating from a single 
cluster is four in the incident energy range ~ (50- 1000) GeV 
(35,36). The size of the clusters has also been found to remain 
independent of the incident energy as well as the target size. It 
may be mentioned that attempts have been made to investigate the 
dependence of the characteriptics of clusters on the incident 
energy, but no attempt has been made, so far, to examine the 
dependence of cluster size on the charged shower particle 
multiplicity at the two incident, energies An attempt has, 
therefore, been made to examine the dependence of cJuster size on 
the relativistic particle multiplicity These results have 
been presented in Chapter IV. 
Summary of the results and the conclusions arrived at are 
given in Chapter V. 
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CHAPTER n 
2.1 Int.roduction 
Ffir studying the behavj'.nr JT -i.i.it "• rur<< >:' • nt crac-t.iony, 
the expemriier! i.,ii set up that one n*od;.. 'Mri: i : *: if a .source to 
produce high energy hadron? and a few t,-irge,i wu .(-'.i upon which 
they are bombarded Emulsi(~in nuciie may b'- r -ci ^H a t.arget which 
serves the purpose of the detector at w-j.,. iUi-ie-^ r t-muision is 
a continuously sensitive detector, capab.lf it recording all the 
informations about the events for very long periods. The complete 
history of beam particles may be seen by means of the track 
recorded in the emulsion. Thus,if the incident particle collides 
with the target, the event is recorded in the emulsion in the 
form of a 'star'. Various informations about these events may be 
obtained by analysing these interactions. 
A nuclear emulsion consists of three basic components: 
i) silver halide, mainly the bromide with a small admixture of 
iodide, ii) gelatine and plasticiser, such as glycerine and 
iii) water. When a charged particle moves through emulsion, it 
gradually loses energy by electromagnetic interactions. As a 
consequence of this process energy of the atomic electrons 
increases and hence t.hey are raised to excited energy states 
which may result into ionization of the atoms. As a result of 
ionization of the atoms. some of the halide 'grains'are modified 
in such a way that or. '.mmersing in the reducing bath known as 
'devehvper' they are ' •>. t-ned into grains of metallic silver which 
is T-eci;).gn .1 sable by ;'.^  black colour.Thi.s vi:-,_ible laterally 
extended path of the charged particJe is called its 'track'. The 
characteristics such as ionization, range, angle, dip, $- rays 
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etc. of a track depend OR the naturj-. of i.ne. particle and its 
energy 
2.2 Details of stacks 
Two different types of emulsion ax^acks, >n<- ..t tiiford G5 
emulsion exposed to 340 GeV negative pions at ''ERN n^cJ jther of 
Illford Kb emulsion exposed to 400 GeV protons at FNAi USA have 
been used in the present experiment The beam fiu/ has been 
4 2 4 
estimated to be ~ 7x10 pions / cm for 340 GeV and ~ 5x10 
2 
protons /cm for 400 GeV. The dimensions of each pelLlcle in the 
former exposures were ISom x 6cm x 0.06cm and in the latter 15cm 
x 10cm X 0.06cm. 
2.3 Scanning procedure 
A star is formed in the emulsion at the place where a 
particle of the primary beam interacts with a nucleus of the 
emulsion. The process of searching ' the stars is called 
'scanning'. The plates were area scanned using <^ ooke' s M4000 
series microscopes under 20 X objectives and lb X eyepieces and 
the events recorded were studied under 95 X oil immersion 
objectives and 15 X eye-pieces. The interactions lying at a depth 
of ^ 50 ^ m from air/glass surfaces and also those with primaries 
having an inclinations of >4 with respect to the mean direction 
of the projectile beam were not considered. Further. to make it 
sure that the event has been caused due to the genuine primary, 
the primary tracks wers, followed back upt(' the edge of the 
pellicle. With these criteria random sampler involving H37 events 
of pion interaction and 1087 event of proton interactions having 
N. ;^  0, where N. denotes the number of tracks with ^ ^ 0.7, have 
12 
been considered for the-, ore'^ etjt aridiysts 
2.4 Classification of tracks 
The secondary track.' pr-cluced irj the. primary intr-,r-!, ^ M-ns may 
be divided into the foll'-^ wmj? three distinct groups, 
i) Shower tracks:- The trac-.kr> having relative velocii.7 .-i |i > 0.7 
are taken as shower tracks. The number of these r.ra-kf in an 
event is denoted by Ns. 
ii) Grey tracks:- The broken tracks with, 0.3 < ^ < 0 7 are 
referred to as the grey tracks. The number of grey tracks in a 
star is denoted by Ng. 
iii) Black tracks:- The solid tracks having, B < 0.3 are defined 
as the black tracks. The number of black tracks m an event is 
represented by N,. 
The grey and black tracks, considred together, are termed as 
heavily ionizing tracks, 
Nh •= Ng t Nb 
2.5 Star size 
The number of particles of a particular type produced in an 
event is referred to as the multiplicity of that type of 
particles. The events produced in the emulsion are grouped into 
three distinct categories on the basis of the multiplicity of the 
heavily ionizing tracks In it. 
i) Events with N^ - 0 or at the most having one grey track 
lying in the forward dire-'-tion are said to be produced due to the 
interaction with only one- nucleon of the target nucleus and are 
usually called the hadron nucleon like collisions. 
ii) Events with 2 < N. < 6 are usually referred to as the CNO 
i Q 
like or light group of interactions 
iii) The disintegration.'^ with N x ? exclusively belong to 
h 
AgBr like or heavy group of ' fit.*-'ractions. 
2.6 Angular distribution 
The angular characteristic of the charged relativistic 
particles are studied in terms of a parameter, [ , which is 
called pseudorapidity, and Is defined as 
^ = - In tan 0 / 2 
where 0 is the emission angle of the emitted particle with 
respect to the direction of the projectile. This quantity is 
approximately equal to the true rapidity, y , given by 
1 
y = — in (E + Pj^  ) / (E - p„ ) 
where E is the energy and p,^  is the longitudinal momentum of 
the particle. 
For estimating the value of of a particle; the space angle 
(0) is determined with the help of the dip and projected angles 
which are experimentaly measured. 0 is calculated using the 
following expression: 
-1 
Space angle (9) : ^ 'os (Cos 0p x Cos 6 ) 
where Op is the projected angle and s is the angle of the 
dip. 
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Cfi&PTER III 
3•1 Introduction 
Energetic hadrons cause disintegrations of emuisIcfi nuclei 
which may be regarded as the targets of considerahir spatial 
dimensions and hence may serve as the analyzer of space-time 
development of the multihadronic states produced (1) A rsumber of 
attempts (2-7) have been made to study the character)sclcs of 
multiparticle production in hadron-nucleus interactions in the 
accelerator energy range. Except for a few studies \4.b ) , the 
production of relativistic particles and the fragmentation of 
the target nuclei are, still to a significant degree, studied in 
isolation from each other. Since the two processes-production of 
fast particJLes and the fragmentation of the target nuclei-- are 
believed to be closely related to each other therefore studies 
involving correlations amongst various types of charged 
secondries are expected to provide useful and important 
informations regarding the mechanisms of production. 
The peripheral and the more central collisions occurring in 
high energy hadron-nucleus interactions may be distinguished if 
the number of nucleons hit by the projectile is known; for the 
number of hadron-nucleon collisions occurring inside the nucleus 
depends upon the impact parameter(8). It has been suggested(8,9) 
that the number of slow particles produced in the final state may 
be used to measure the number of encounters, 1) , made by the 
incident hadron inside the target nucleus. In 1978, Anderson et 
al (10) proposed a model which successfully explains the relation 
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between the number of knock-out protons and the mean number of 
intra-nuclear collisions. Recentl7. Stenlund and Otterlund (11) 
proposed a model to explain the mechanism of production of slow 
particles having velocities ^4 0.7. It has been suggested by 
them that the number of grey, black or heavily ionizing particles 
may be used to estimate the mean number of intra-nuclear 
collisions with almost equal reliability. 
In this chapter, results on the general characteristics of 
relatively slow products of nuclear fragmentation in 340 GeV 
pion-nucleus and 400 GeV proton-nucleus interactions are 
presented. Various features of the fast as well as slow particles 
produced in the interactions accompanied and not accompanied by 
the emission of hadrons in the backward hemisphere are also 
given. 
3.2 Experimental Results 
3.2.1 Multiplicity and angular distribution of grey particles 
The values of the mean multiplicities of the particles 
producing grey and black tracks obtained by various workers (4,5) 
for both A-A and p-A collisions at different incident energies 
are listed in Table 3.1, along with the values obtained in the 
present study. It may be seen from the table that the values of 
tVie mean multiplicities of grey and black particles, <Ng> and 
<N|j >, obtained in the present study are comparable with those 
reported by El-Nadi et al (4) and Azimov et al (5). The values of 
<Ng>, <Nb> and <Ng> / <N^> are observed (7) to be independent of 
the incident energy for both f-A and p-A interactions in the 
energy range (17-400) GeV, whereas El-Nadi et al (4) and Azimov 
et al (12) have reported that xNg.> decreases with increasing 
16 
Table 3 1; The average values of the different charged 
secondaries emitted in pion and proton interactions 
with emulsion nuclei 
Type of 
interaction 
Energy 
(GeV) 
<Ng> <% > <Ng>/<Nj| > Reference 
p- nucleus 24 3.16±0.11 4.45±0.13 0.71t0.03 5 
50 3.19±0.12 4.34±0.13 0.74*0.04 5 
200 2.96±0.15 4 09±0.18 0.72±0.05 5 
200 2.70*0.06 5.00±0.10 0.54*0.02 4 
400 3.14±0.14 4 22*0.16 0.74±0.04 5 
400 
400 
3.02t0.05 
2.99±0,06 
4.83i0.07 
5.00t0,09 
0.63±0.02 
0.60±0.02 
Present 
Work 
4 
7C-nucleus 50 
200 
200 
340 
340 
2.61*0.13 4.02*0.15 
2.86±0.11 4.25*0.14 
2.38±0.04 4.52*0.07 
2.25*0.10 5.69*0.11 
2.2310.06 5.80*0.09 
0.65*0.04 5 
0.67*0.03 5 
0.53*0.01 4 
0.40*0.02 4 
0.38*0.03 Present 
Work 
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energy; they satisfy the relations: 
<Ng> r 3.5 - 0.2.1 In Eo - (3-1) 
for ^ -nucleus intoractions in the enarejy range "(50-340) GeV 
and 
<Ng> - 4.06 - 0.26 In Eo (3.2) 
for p-nucleus interactions in the energy range "(50 -400) GeV. 
It may be noted from the table that the values of the mean 
multiplicity of grey particles for proton-nucleus collisions are 
some what higher than their corresponding values obtained for 7\-
nucleus collision at the same incident energy. The values of the 
ratio <Ng>j^ A^/<Ng>|^ y^  have been observed (4,5) to be 0.82*0.05 and 
0.88*0.02 at 50 and 200 GeV respectively. These values are, thus, 
quite close to the value of the ratio of the mean number of 
encounters, < i) >jr ^  and <^>p-;\ estimated for 7?-nucleus and p-
nucleus collisions as shown below 
Here < l) >= A ^ ^ / DV^/^" ; cr^^^ and cj^.'^ denote 
respectively the inelastic cross-sections for hadron-proton and 
hadron-nucleus collisions and A is the target mass. The values of 
CJ-^ ^ are taken (7) to be (32.3±0.80) and (21. 2±0. 30)mb for p-p 
and ^ p interactions respectively, whereas the values of 
0,69 0.75 
are found to be 46A and 28A respectively for p-nucleus 
and /^nucleus interactions. 
Multiplicity distributions of grey particles obtained in 200 
and 340 GeV A-nucleus and 200 and 400 GeV p-nucleus interactions 
are compared with the predictions of the Stenlund and Otterlund 
model ill) in Figs 3.1 and 3.2. The agreement between the 
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H 
0.3 
B CNO 
DG] A g B r 
2 00 GeV 
34 0 GeV 
en 
a. 
N g 
Fig. 3.1 MuJ tiplicit.y distribution of grey tracks in 
pion nucleus interactions at 200 and 340 GeV. 
The shaded areas represent the prediction of 
Stenlund and Otterlund model. 
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H 
0.3 
0.2 
0.1 
g C NO 
ID AgBr 
4 00 GeV 
200 GeV 
0 10 15 
N g 
Fig.3,2 Distribution of number of grey tracks in proton 
-emulsion interactions at 200 and 400 GeV. The 
shaded areas show the prediction of the 
Stenlund and Ott^rlund model. 
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experimental distribution and the distribution obtained 
theoretically is extremely good. It may also be seen from the 
figures that Ng-distributions are energy independent. 
Multiplicity distributions of grey particles produced in the 
forward and backward hemisphere for both CNO (2 x<; N^ $ 6) and 
AgBr (Njj ^ 7) groups of collisions at 340 and 400 GeV are shown in 
P B 
Figs. 3.3 and 3.4; Ng and Ng are defined as the numbers of grey 
tracks having space angle 9 < V2 and 9 ^ ^/2, respectively. It 
has been reported (3,5) that like the total grey particle 
multiplicity distribution,the multiplicity distributions of grey 
particles observed in the forward and backward hemispheres are 
also energy independent for both pion and proton projectiles. The 
mean values of grey particles emitted in the forward and backward 
hemispheres, <Ng > and <I^ > and their dispersions, D(Ng ) and 
B 
D(Ng ) obtained (3,5) at different incident energies are 
presented in Table 3.2, along with the results obtained in the 
present study. It may be noted from the table that the mean 
multiplicities of the grey particles observed in the forward and 
backward hemispheres and the dispersions of grey particle 
multiplicity distributions are independent of the nature of the 
colliding hadrons in the case of h-CNO interactions, whereas for 
h-AgBr interactions these values are relatively higher for the 
proton induced reactions as compared to those obtained for the 
pion induced reactions. 
In Fig 3 b , the variation of <Ns> with the number of grey 
particles produced in the backward hemisphere for AgBr collisions 
at 340 and 400 GeV ;ire shown. The least squares fits to the data 
are 
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Fig.3.5 Variation of <Ns> with the number of grey tracks 
in backward hemisphere for AgBr collision at 
340 and 400 GeV. The solid lines are the best 
fit of experimental points. 
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<Ns> -^ (1.65±0.18) Ng + (12.58±0.51) (3.4) 
for 7f -nucleus interactions at 340 GeV and 
B 
:Ms> - (1.29±0.27) Ng + (12.74±0.99) (3.5) 
for p-nucleus iiiteractions at 400 GeV. 
The values of the constant occurring in Eq.(3.5) are quite 
different from those observed (7) in the case of dependence of 
<Ns> on the total grey multiplicity i.e. multiplicity of grey 
particles emitted in p~AgBr collisions at the same incident 
energy. 
The angular distribution of grey particles obtained for CNO, 
AgBr and emulsion groups of interactions at 340 and 400 GeV are 
plotted in Figs. 3.6 and 3.7. The solid and the broken curves in 
Figs. 3.6 and 3.7.correspond to the predictions of the Additive 
Quark Model (AQM) (5) obtained for with and without the 
contributions of the correlated pairs of intra-nuclear nucleons. 
It is interesting to note that the agreement between the 
experimental and the theoretically predicted distributions 
becomes rather quite fine, when the contributions of the pair 
correlations are taken into account. It may be seen that the 
grey particles produced as a result of the destruction of the 
correlated pairs of the intra-nuclear nucleons contribute to the 
angular distributions of grey particles for all values of space 
angles uniformly. It may be seen that the angular distribution of 
grey particles depends on the mass of the target nucleus in such 
a way that comparatively more grey particles appear in the 
forward hemisphere (8 <.. '^/Z) for the lighter targets. The values 
of the coefficients of angular asymmetry, k, defined as 
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k - N / N 
1 2 
where N. and N2_ are the tota.l number ot grey particles emitted in 
the forward and backward hemispheres are found to he 3.09±0.12, 
2.36i0.06 and 2.27±0.08 respectively for ^- CNO, 7^"- emulsion 
and 7K -AgBr collisions at 340 GeV, whereas for p-CNO, p-emulsion 
and p-AgBr collisions at 400 GeV, these values are 3.131:0,10, 
2.34±0.07 and 2.23±0.09 respectively. This trend of decrease in 
the value of k with increasing target size also reveals that the 
angular distributions of grey particles depend on the mass of the 
struck nucleus. The value of k has, however, been reported to 
remain independent of the energy and identity of the colliding 
hadron (5). Furthermore, the value of k in the present work has 
been observed to be 2.36 and 2.34 for 340 GeV 7^-nucleus and 400 
GeV p-nucleus collisions respectively, which are in good 
agreement with the value ~2.40 predicted by the AQM (5). 
Dependence of <Cos 0> and D (Cos 9), where G is the emission 
angle of a grey track with respect to the mean direction of the 
projectile in the laboratory frame, on the multiplicity of grey 
and black tracks, Ng and N^ j are plotted in Figs. 3.8 and 3.9. It 
may be seen in these figures that the value of <Cos 6> decreases 
while the value of D (Cos 6) increases with Ng and N. upto 
Ng(N, ) < 7 and thereafter the two parameters acquire almost 
constant values. Similar dependences of <Cos e> and D (Cos 0) on 
Ng and N-^j have been observed in the case of p-nucleus 
interactions (5). 
3.2.2 Correlation between heavily ionizing particles and D 
Variations of <Ng> with N, and <N^> with Ng are plotted in 
29 
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Figs. (3.10-3.13) for 340 GeV A -nucleus and 400 GeV p~nucleus 
interactions. It is seen from these figures that upto N,(Ng^ < 9, 
the experimental values of <Ng> and '^^i,> aJ"^  quite 
close to their correspoding values estimated on the basi5 of the 
predictions of the model due to Btenlund and Otterlund (11). 
However, beyound N,. (Ng)"'9, <Ng>-N^ and <N^>~Ng correlations are 
observed to saturate; and the model fails to describe this 
behaviour. It has, however, been pointed out by Stenlund and 
Otterlund(11) that at Ng(N. ) > 9, some new mechanism, perhaps, 
starts dominating due to which saturations in both types of 
correlations take place. It has also been suggested (11) that 
saturations of <Ng>-N- correlations might occur because energy of 
D 
the struck nucleus becomes so high that there is no way to 
dispose it off except by undergoing total destruction. When such 
a situation arises, it is expected that-" (i) the emitted 
products may have higher energies than the particles envisaged to 
be produced through the evaporation process, thus leading to an 
increase in the grey particle multiplicity and (ii) relatively 
heavier fragments might be produced during the evaporation 
process causing a decrease in the multiplicity of the black 
tracks. It may also be seen in Figs. (3.11,3.13) that the 
disperssions D(Ng) and D(N^) increase with N^ and Ng upto Ng(N^ ) 
<9 and after that the two parameters acquire almost constant 
values. This finding agrees well with the prediction of the 
Stenlund and Otterlund model (11) upto NgCN^) < 9. 
b 
According to the predictions of the Stenlund - Otterlund 
model(ll), the relation connecting <9> with Ng, N, and 1^  , is 
given by: 
32 
,Fig.3.l0 <Ng> as a function of N^ ^ for pion-nucleus 
interaction at 340 GeV.Thf solid circles are the 
experimental point and the open circles are the 
prediction of the model(ll). 
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Fig.3.12 <Nt > vs Ng for /f-nucleus interaction at 340 
GeV.The solid circles are the experimental point 
and the open circles are the prediction of the 
model (11 ) . 
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<'i)(Nx)> " Co +Ci Nx + C^  Nx + C^ Nx (3 7) 
where Nx represents Ng, N, or N, . The coefficients Co, C| , C^ 
and C-3. acquire different values for Ng, N, and N, . The values of 
these coefficients have been obtained by Stenlund and 
Otterlund( 11) for both p-nucleus and 7^  -nucleus interactions. 
The variations of the mean number of encounters made by 
incident hadron inside the target nucleus, < iJ > , estimated by 
using the predictions of the Stenlund and Otterlund model (11); 
with Ng, N ^) and N^for the interactions due to CNO and AgBr groups 
of nuclei are plotted in Fig. 3.14. In Fig. 3.15, the behaviour 
of the variation of .<))(Ng)>, estimated on the basis of the models 
due to Anderson et al (10)(broken curves) and Stenlund and 
Otterlund model (11) (solid ciarves), with Ng is compared. It may be 
noted in the figures that for p-nucleus collisions, the values of 
< V(Ng)> estimated on the basis of the model due to Stenlund and 
Otterlund (11), are slightly higher than their corresponding 
values estimated by using the predictions of Anderson model (10), 
whereas for 7^-nucleus collisions, the values of < v (Ng)> 
predicted by Stenlund and Otterlund model (11) are found 
comparatively smaller than those predicted by Anderson model 
(10). 
Variation of the mean multiplicity of the relativistic 
particles, <Ns>, their dispersion, D(Ns) and the ratio 
D(Ns)/<Ns> with <l}(Ng)> and <>'(N^ )> are plotted in Figs. 3.16-
b 
3.17. It is interesting to note in the Figs. 3.16 and 3.17 that 
the data points for <V(Ng;,- and <'i)(N^ )> fall on a singJe curve in 
both the cases. This observation, therefore, reveals that both Ng 
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Fig,3.16 Variation of <Ns>, D(Ns) and the ratio 
D(Ns)/<Ns> with <^{lig)> and <^ (Nv )> for n-nucleus 
interaction at 340 GeV. 
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Fig.3.17 Variation 
< (Ng)> 
of <Ns>, D(Ns) and D(Ns)/<Ns> with 
and < (Nj,)> for proton-nucleus 
Interaction at 400 GeV . 
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and N-jj may be used to meas'.re the mean number of hadron-nucieon 
collisions inside the nu.-t:.:,s with almost equal reliability. 
It has been suggested f ]'•< i that <Ns> and D(Ns) vary with the mean 
number of intra-nuclear collisions, <i^ >, as 
<Ns> = a <i)> + b (3.8) 
2 
D(Ns) = c <l)> + d (3.9) 
The best fits to the experimental data on 340 GeV ^-nucleus and 
400 GeV p-nucleus are obtained to be of the following forms: 
<Ns> : (2,77i0.14) l^)(Ng)> + (7.03±0.47) . . .(3.10) 
<Ns> - (2 b6±0.45i <)^ (Ng)> + (5.26i0.61) . . .(3.11) 
2 
D (Ns) ~ (10.23*0.89) <P(Ng)>+ (13.84±2.94) . . .(3.12) 
2 
D (Ns) :: (11.83±0.46) <P(Ng)>+ (4.98±1.86) . . . (3.13) 
3.2.3 Characteristics of hadron-nucleus interactions with and 
without emission of hadrons in the backward hemisphere 
For examining the various features of hadron-nucleus 
interactions with and without the emission of hadrons (producing 
grey or shower particles ) in the backward hemisphere, the 
experimental data are divided into two categories, one having no 
grey track { or shower particles ) having space angle, 9 ^ ^/2 in 
the laboratory frame and the other having at least one grey 
(shower) track with Q i. ^/2. The dependence of the various 
features of the t,wo types of disintegrations on the target is 
investigated by s^ :;parately analysing the data belonging to CNO 
and AgBr groups of auclei. It is observed that nearly 25% and 62% 
of the total disintegrations respectively for ^-GNO and A'-AgBr 
collisions at 340 GeV and 21% and 67% for p-CNO and p-AgBr 
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collisions at 400 GeV are accompanied by the emission of grey 
particles in the backward hemisphere. 
The multiplicity distrinutions of the particles producing 
grey tracks for the events with and without the emission of grey 
particles in the backward hemisphere observed in 340 GeV A -
nucleus and 400 GeV p-nucleus interactions are shown in Figs.3.18 
and 3.19. In Figs. 3.20 and 3 21, the multiplicity distribution 
of grey particles for the collisions with and without the 
emission of grey and shower particles in the backward hemisphere 
are plotted for h-CNO and h-AgBr collisioivj at 340 and 400 GeV . [ 
It may be seen in these figures that there does not exist any 
significant difference in the general characteristics of the 
disintegrations with and without emission of grey particles in 
the backward hemisphere. The Investigations based on the various 
characteristics of the interactions with and without emission of 
grey or relativistic particles in the backward hemisphere 
indicate that there is no significant difference in the general 
characteristic of the two types of interactions ].The values of 
<Ng> and <Ns> obtained for h-CNO and h-AgBr interactions for the 
events with and without the grey or shower particles emitted in 
the backward hemisphere at 340 and 400 GeV are given in 
Table 3.3. 
The variations of the dispersion, D(Ns) with <Ns> for the 
events with and without grey and shower particles emitted in the 
backward hemisphere sirt- plotted for 340 GeV 7^-nucleus and 400 GeV 
p-nucleus collisi.ons i f< Figs 3.22 and 3.23. It may be seen in 
these figures that D(N,Si increases linearly with <Ns>. The least 
squares fits to the experimental data for 340 GeV ;^-nucleus and 
43 
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Nf 
Fig.3.19 Distribution of grey particles for the events 
(a) with and (b) without emission of grey 
particles in the backward hemisphere at 400 GeV. 
15 
S'ig.3.20 Protefoility distribution of grey particles for 
th^.. s,i®B^ SI^ %-,*»*fcs%^ ««SNWs#< *istogram) and withotst 
(brojj^j W-sta«jr«8.) eaission of (a) gVQy and (b) 
shamm^mi^m^ll^^^/mM^&i^d hemisphere at 3k0 Ge? 
46 
ProljabilitF dist.ribu-tioii of grey p a r t i c l e s for 
the event with ( so l id histogram) and without (.^xt*Wr*Itt-StctfPSW5"'^»ft««t«n df (a) gfey sua (b) 
s ^ i r ^ l ©ar t ic les i a tiie backward hemisjph^^e a t 
•J 
a 
o 
x: tJ 
•H 
> 
t> 
c ra 
n 
•y 
c 
« 
> 01 
a 
s. • 4J SI 
u 
u 01 
0 £ 
« • ) a (c 
n w 
a) e 
»-( « U £ 
•H 
•w -o 
L I M 
a a 
a > X. 
i4 o 
% /J 
a ^ 
4J 
•c 
c c 
n -H 
t K n 
« e u r^ O i O 
•rt 
d - i a ' 
0 U 
10 
> i a 
A) 
•H 
.^^  0 u 
•rt 4) 
rH » a 0 
• H X 
+> CI 
w v^ 
3 
E s 
c 
s 
L< 
(» E <" 
O 
"M 
0 c 
o 
n - r ^ 
01 tQ 
9 n 
r-l -H 
10 E 
> 0) 
10 
. 
'^n 
LI 
m 
t j 
«t 
1 
0 . 
2 
V 
2 
V 
A 
VI 
o B 
o \l 
r*-
s 
o 
1 
0. 
A 
z 
V 
,A 
1 • > F 
Iv 
l4 
n 
< 
'k 
s 
V 
A, 
V 
O 
•V 
m 
s o 
1 
A 
C7I 
'•s 
z 
V 
c 
j o ^ o 
> H^ 
« 
^^  
10 
u 
>, CI CP u 
u c 
«) M c 
w <M 
o 
c 
a 
s, 
t-i 
47 
o O o o 
+t +1 +t +1 
<D t^ ^ o> t~ <o >o U") 
o 
o 
+1 
o 
i' 
(0 
CN 
in 
o 
+1 
o 
+1 
o 
+1 
o 
OS 
o 
+1 
o 
+1 
o 
CO *D fV f -
•M O «-1 O 
« • « o O o o 
^' +1 +1 +1 u> r> w 
r~ to Ov CO 
o 
+1 
o 
+1 
O 
o 
o o o o 
• • +1 +) • 1 
r- in <j> <o 
• » o o n 
* 
o 
+1 
Ci r- o CD 
iH o CM O 
• * o o O o 
r 5' +1 +1 t - r- w (^  
01 
0 L I 0 
u e x: 1 
> . 1 t> s m >; 
ei ^ x: 0 o Ll O <w a x : «> w^ nj 01 10 0 n n LI 0X5 
XI C-H 01 
1*J c -H e uj 01 x: C 01 0 C 0) 0 0) ox: a O i O ) x : i j •H n £ •P O •w y L< 
g"^ to 01 C -H ift 0) n .H "0 0 c E w c x: 
*4 c a -H O Li M - H o •^ -H a 
n "H n E -rt « to x: g n 
^ B E O +) » tQ n 0) tn M L i > ; -H t l - O 0 E 
41 O ^ 
•y o 0 E »H U t ) .-4 01 
3 P. 10 m o * ) 3 0 x: 
-H O XJ x r - u ^ O -H X l - P t ) x: >, x: -y •« iJ LI U tJ 01 0) •y L I O y >. M 
M 10 10 r! " x : M 10 10 -H 10 10 
» a > S D<-U s axj 2 a s 
48 
Fig.3.22 Variation of D(Ns) with <Ns> for the events (a) 
with and (b) without emission of grey (O) and 
shower (•) particles in the backward hemisphere 
for 340 G©¥ M- nucleus interactions. The solid 
linfts sre iMih". "t>est f-*'te»'«# **te data. 
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Fig.3.23 D(Ns) vs <Ns> for the events (a) with and (b) 
without emission of grey(o) and shower (•) in 
hemj sphere for 400 GeV p-nucleus 
solid lines are the best fits 
data. 
the backward 
interactions. 
of the 
The 
experimental 
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400 GeV p-nucleus are given below 
For the events with grey partxcies m the backward 
hemisphere, 
D(Ns) = (0.281±0.02n <Ns> + (1 9010.410) C3.14) 
DfNs) = (0.335±0.024) <Ns> + (1 714±0.450) . ... (3.15) 
For the events without grey particles in the backward 
hemisphere, 
D(Ns) - (0.291±0.034) <Ns> + (1.750±0.130) (3.16) 
D(Ns) = (0.337±0.019) <Ns> + (1.746±0.283) (3.17) 
For the events with s;hower particles in the backward 
hemisphere, 
D(Ns) = (0.25±0.05) <Ns> + (1.97±0.31) (3.18) 
D(Ns) = (0.28±0.02) <Ns> + (2.27t0.35) (3.19) 
For the events without shower particles in the backward 
hemisphere, 
D(Ns) = (0.38±0.06) <Ns> + (1.33±0.83) (3.20) 
D(Ns) = (0.39±0.03) <Ns> + (1.27±0.50) (3.21) 
The angular characteristics of grey particles have been 
investigated in terms of r(Co5 0) and r^  (Cos 0) defined as 
I ( with emission of shower particles 
_t ^ in backward hemisphere) 
r (Cos©) - - IVW 
I ( without emission of shower particles 
_i i!_EZ_ in backward hemisphere) 
and 
r^(Cos ©) = ^ —- (h-AgBr) / ^ (h-CNU)- -(3.23) 
d(Cose) d(Cos6) 
where 0 is the emission angle of grey particles with respect to 
mean direction of the prima^ry in the laboratory frame. The 
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variation of r(Cos 0) and r^ (Cos 0) as a function ••' ; • , ) for 
both h-CNO and h AgBr collisions at 340 ana %(d</i GeV irf ptr,tted 
in Figs. 3.24 and 3.25 respectively. From the abovf; •nf--p tioned 
figures the following may be observed. 
1) The values of r(Cos 0) for h-CNO interactions, vitiiin the 
limits of experimental error, remain almost unohan^^d for the 
events with and without the emission of shower particles m the 
backward hemisphere but for h-AgBr interactions, the /=iiues of 
r(Cos 0) are found to decrease slowly with increasing values of 
Cos e. This shows that more particles a.re produced having larger 
angles in the events with relativistic particles in the backward 
hemisphere. 
2) The values of r^  (Cos 0) are found to decrease with increasing 
values of Cos 0 for the events having shower particles in the 
backward hemisphere. It may be concluded that the angular 
distribution of grey particles depends slightly on the target 
mass. However, the values of r^  (Cos 0) with Cos 0 for the 
disintegrations without shower particles in the backward 
hemisphere are almost constant. This constancy points out that 
the angular distributions of grey particles is independent of the 
size of the target nucleus. 
The angular distribution of relativistic particles in 
hadron-nucleus collisions with and without grey particles in the 
backward hemisphere are investigated in terms oi pseudorapidity 
L (= - In tan 0/2), where 0 is the emission angie with respect to 
the mean direction of the incident beam in the laboratory frame. 
Distributions of RC^) and Rj (*]) are plotted in Figs. 3.26 and 
12 
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Fig.3 24 Variation of r(Cos 9) with Cos 6 in h-CNO and 
h-AgBr collisions at 340 and 400 GeV, 
Fig 3.25 Variation of r^  (Cos 9) as a function of Cos 9 
for the interactions (a) with and (b) without 
shower particles in the backward hemisphere 
for U0 GeV (o) and 400 GeV (•). 
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Fig.3.26 Distribution of R( 1 ) in h-CNO and h-AgBr 
collisions at 340 GeV 7l-nucleus (o) and 400 GeV 
p-nucleus (•) interactions. 
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Fig.3.27 Ri(^) distribution for the interactions: (a) With 
and (b)without emission of grey particles emitted 
in the backward hemisphere at 340 GeV 71-nucleus(o) 
and 400 GeV p-nucleu5(») interactions. 
i 
cr 
olcr 
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27. R(^) and Ri(»|j are defined is 
{ with em.issi.on of gre/ particles 
in backward hemisphere! 
R(^) = -^ -^  - -- • U-i'n) 
( without emission of grey particles 
in backward hemisphere) 
o- d\ 
and 
R^i^) -- ^ — ^ (h-AgBr) / ^ - ^ (h-CNU) (3.25) 
It may be noted in Fig. 3.26 that R( ""I ) decreases with 
increasing "^^ for the interactions due to both CNO and AgBr groups 
of nuclei. The results also reveal that the ratio R{^) in the 
target fragmentation region and incident particle fragmentation 
region are > 1 and < 1 respectively. In Fig. 3.27, it may be 
observed that R^ C^) decreases with increasing value of ^  for the 
collisions with and without grey particles emitted in the 
backward hemisphere. It is well known that for the average 
hadron-nucleus interactions, the multiple scattering models 
(3,13) predict that 
R (Y|) = <))> / <i)> =1.85 
1 p-AgBr p-CNO 
Where <V> is the mean number of intra-nuclear collisions. in 
the present study, the values of Rj Cl) are found to be " 2.45, 
2.61 and 1.40, 1.32 respectively for the events with and without 
grey particles in the backward hemisphere at the two incident 
energies. Thus. higher values of R^  C^) obtained for the events, 
having grey particles ID the backward hemi .sphere indicate that 
such interactions correspond to a large number of intra-nuclear 
re-scatterings. 
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4.1 Introduction 
The problem of understanding the production of relativestic 
particles produced in high energy hadronic interactions through 
the decay of clusters and correlation among them has been 
attracting the attention of high energy physicists for the last 
several years (1-3). The existence of correlations amongst 
secondary particles may be explained in terms of the predictions 
of the independent cluster models (1,4) by examining the 
behaviour of the variation of the mean charged particle 
multiplicity in the forward (backward) hemisphere with the number 
of charged shower particles in the backward (forward) hemisphere 
in the rapidity space. The observed forward-backward multiplicity 
correlations in the p-p collisions are envisaged (1) to be 
basically due to the presence of short-range correlations in the 
central plateau region which occurs due to the decay of centrally 
produced clusters whose decay products may fall in both the 
hemisphere. The strength of these cor relations are reported(l) to 
increase appreciably with incident energy s (cm. system)in the 
range ("s" " (24-63) GeV. The forward-backward multiplicity 
correlations in high energy hadronic collisions have been 
interpreted in terms of the dual model in which p-p scattering is 
visualized "to go by two chains(5,6). Results from UA5 
experiment(7) are consistent with the idea that small clusters 
are emitted at random along the rapidity axis in the central 
plateau region. However, no evidence for the presence of 
intrinsic long-range correlations even in the case of p-p 
5[i 
collisions at fs" = 540 GeV has been found(7). 
Informations regarding particle production through the decay 
of clusters and correlations amongst the secondary pions may a] so 
be obtained by examining the behaviour of the distributions of 
the rapidity differences between nth nearest neighbours. Such 
attempts de because of the fact(8-13) that if n-particJes 
are produced through the decay of a single cluster, then the 
rapidity differences between any two of these particles would be 
quite small. Thus, n-particle correlations are searched for by 
histogramming the rapidity differences between the nth nearest 
neighbours. 
The cluster characteristics of fast charged secondaries reay 
be explained by analyzing the experimental data in the frame work 
of the model dealing with the peripheral nature of the 
collisions(9). In hadronic collisions at 400 GeV,~ 90% of the 
total events have been found to possess at least one cluster(9). 
It has also been reported(9) that there may exist more than one 
cluster in an event and a cluster may decay into at least two 
charged pions. Furthermore, Irfan et al(8) have suggested that 
the number of charged ituting a cluster at the 
incident energy ~ 50 GeV and above is four. The size of tiie 
clusters have been observed by them to remain independent of the 
intra-nuclear collisions. 
An attempt has been made to investigate the dependence of the 
forward-backward multiplicity correlation on the target size in 
340 GeV 7\- -nucleus and 400 GeV p-nucleus collisions. Cluster 
characteristics of the secondary relativistic particle.-?-- are also 
examined and the dependence of the cluster size on the 
multiplicity of the relativistic particles has been investigated 
in the present work by the method of rapidity gap correlations. 
4.2 Experimental Results 
Results presented in this chapter are based on the data 
involving 637 and 1087 disintegrations with N >JZ, caused by 
340 GeV negative pions and 400 GeV protons respectively. In order 
to examine, the dependence of the forward-backward multiplicity 
correlations on the target sise, events corresponding to nucleon 
(Nj^ =0,1), CNO (2^Nj^^6) and AgBr (%.^ 7) groups of interactions 
have been analyzed separately. The number of events due to 
nucleon, CNO and AgBr are respectively 93, 192 and 352 at 340 GeV 
and 156, 326 and 605 at 400 GeV. Hadron-nucleon type interactions 
are chosen by applying the following criteria(10): 
i) the event should have no black track, 
ii) there should be no grey track or at the most only one grey 
track in the forward direction, and 
iii) the event should have no Auger electron or recoil nucleus 
associated with it. 
4,2.1 Forward-backward multiplicity correlation 
The forward and backward hemispheres are defined as the 
regions containing the particles with rapidities 'A >''].and ( '^(j. 
where '"^^ is the rapidity of a particle in the cm. system of 
the interacting hadrons. The values of "^1 estimated to be 3.40 
at 340 GeV and 3.60 at 400 GeV(14) respectively. 
Variations of <n„> with n, and <n, > with n„ are plotted in 
f D D I 
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Fig.4.1 Variation of <n,,v> with n _j. and <n^> with n^ for 
340 GeVrC-nucleon collisions. The lines represent 
the least squares fits of the data. 
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collisions, where n- and n, respectively denote the number of 
relativistic charged particles falling m the forward and 
bacJsward hemispheres. It may be seen in the figure that the value 
of <n > (or <rk^ >) increases linearly with increasing n-^ (or n^ -) , 
thus indicating thereby the presence of a strong forward-backward 
multiplicity correlation in hadron-nucleon collisions. These 
findings are in excellent agreement with those reported 
earlier(l,7) in the energy range /T ~ (24-6.3) GeV. The variations 
of <n„> with n, and <n,> with n^ for 3^  -CNO and ?^  -AgBr collisions 
I D D 1 
at 340 GeV are shown in Figs. 4.3 and 4.4. Similar plots for 
400 GeV data are exhibited in Figs. 4.5 and 4.6. A linear 
increase in the values of the mean multiplicity in the forward(or 
backward) hemisphere with increasing number of particles in the 
backward (or forward) hemisphere is observed in each case. It may 
be seen in these figures that the values of the mean multiplicity 
in the backward hemisphere for all values of multiplicity in the 
forward hemisphere are relatively higher as compared to the 
corresponding values of the mean multiplicity in the forward 
hemisphere plotted as a function of multiplicity in the backward 
one. This effect is however, more pronounced in the case of 
collisions due to AgBr nuclei at both 340 and 400 GeV incident 
energies. These findings, therefore, tend to suggest the presence 
of backward asymmetry in the case of nuclear targets; this 
asymmetry increases with increasing target size. The forward-
backward multiplicity correlations may be described quite well 
by the following relations(1,2): 
<n-> = a + b n, 
or, (4.1) 
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Fig. 4. 3 <nf > vs n^ at 340 GeV for a) all \ range b) 
particles with -1.0<^<1.0 and c) all particles 
except those with -1.0^»t^.0. The lines are the 
least squares fits of the experimental data. 
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lines are the least squares fits of the 
experimental data. 
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Fig.4.5 Variation of <rif> with rib at 400 GeV for a) all 
"grange, b)particles with -1.0^ t<i<1.0 and c) all 
particles except those with -1 . 0.<*1^ 1. 0. The lines 
are the least squares fits of the experimental 
data. 
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Fig.4.6 Dependence of <n^^ with n^  at 400 GeV for a)all 
^ b) particles with -1.0;$'1^ 1.0 and c) all 
particles except those with -1.04't^l.0- The 
lines are the least squares fits to the data. 
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n^ > - a + b n. 
b I 
where th(-- parameter 'b' is a measure of the strength of the 
correlatirip between th'=' forward and backward intervals. The solid 
lines in these figures are the best fits to the experimental 
points. The values of the parameters 'a' and 'b' obtained in the 
present work are listed in Table 4.1(a,b). The following facts 
may be noted in the table: 
i) The values of *b' obtained for yC-CHO and 7c~~AgBr collisions 
are smaller as compared to those obtained in the case of p~CNO 
and p-AgBr interactions. 
ii) For <n >- n^ , correlations, the values of 'b' obtained for 
various targets remain almost the same, while for <n-^^ >- n»v 
correlations these values are observed to increase significantly 
with the target size. The ratio of the values of 'b' obtained for 
<n >- n and <n£>- n-^ correlations are 1.40±0.33 and 3.074;0.54 
for ^-CNO and X'~AgBr collisions at 340 GeV, where as for p-CNO 
and p-AgBr collisions at 400 GeV these values are estimated to be 
2.29±0.55 and 2.75*0.70 respectively. This observation, thus, 
indicates that <n^ >- n - correlation becomes stronger with 
D I 
increasing target size due to the presence of the backward 
asymmetry in the case of nuclear targets. 
In order to distinguish, between the short- range and long-
range correlation effects, the dependence of <njr> > (or <n^>) on 
n (or nj. ) for the particles having -1.0^i1<c; +1.0 (i.e. the 
c 
particles lying in the rapidity interval of 2.4 .<: ^^ 4.4) and for 
the remaining particles have been studied and are plotted in 
Figs.4.3-4.6. The solid lines represent the best fits to the data 
and the values of the parameters a and b obtained for each fit 
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are given in Table 4.1(a,b). It is interesting to note that the 
values of b obtained for various types of correlations in the 
central rapidity region are significantly higher than their 
corresponding values estimated by considering all the particles 
lying in the full rapidity range, which shows that there exists a 
strong short-range correlation in the central region in all the 
cases. 
<n, > (or <n£.>) vs ne(or nj, ) plots obtained for all the 
remaining particles beyond the rapidity interval -1.0 <$ Tc-^  
+1.0, clearly show that the mean multiplicity in one hemisphere 
becomes independent of the number of particles in the other 
hemisphere. One may, therefore, conclude that the suggested 
long-range correlations actually stems due to the presence of 
strong short-range correlations in the central plateau region. 
Informations regarding the correlations in each hemisphere 
may also obtained by investigating the dependence of the 
distribution of dispersions D (=( <n'> - <n> )*), as a function 
of multiplicity in the opposite hemisphere. The variations of the 
dispertions D(n, ) with n„ and DCn^.) with n^ are plotted for both 
CNO and AgBr groups of interactions at 340 and 400 GeV in 
Figs.4.7 4.10. It is observed in these figures that for the 
full^ range, D(n. ) (or D(n£)) increases linearly with nf (or nb ) , 
the solid lines in these figures represent the best fits to the 
experimental points and aro obtained using the relations; 
D(n ) c + d n^ 
or, ^ (4.2) 
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Fig.4.7 
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for a) 
all 
D(ni.) vs n at 340 GeV 
with ~1.0<"7^1.0 and c) 
those with -1. 04i%i'i • 0. The lines 
least squares fite; to the data. 
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Fig.4.8 Variation of dispersion as a function of n^,D(n^) 
with nf at 340 GeV for a) all"^ range b) particles 
with -1.0^ l^ .^ ! .0 and c) all particles except those 
with -1.0^ »1^ <1 0 The lines are the least squares 
fits to the data. 
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-1.0<'^g^l.0 and c) all particles except 
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D(n|j) = c + d rif 
The calculated values of d are .givn m Table 4 1'a b). The 
values of d obtained for D(n^)- n^ ''orre Lations are found be 
higher in comparison to their corresponding values obtained in 
the case of DCn^)- n^j correlations at the two Incident energies. 
It is observed in the table that the D(n^)- nfCorrelations are 
somewhat stronger than the D(nf)- n^ correlations. This effect is 
rather more pronouced in the case of interactions due to AgBr 
nuclei. Furthermore, the variations of D(n^) with n^ and D(n r ) 
with n^ for the particles corresponding to the central rapidity 
region, i.e., particles having -1.0 ^'^^ + 1.0 and also for the 
remaining particles are shown in Figs.4.7-4.10. It is observed 
that there exist a correlation in the central region and when the 
particles in the central region are excluded, the correlation 
disappears. 
These findings, therefore, lead to the conclusion that the 
lortg-range correlations are present only because of the presence 
of short-range correlations in the central plateau region, which 
is caused by the decay of low mass resonances or clusters (2). 
The strength of the correlations increase with increasing target 
mass. However, when the contributions from the short-range 
correlations are excluded, evidence for the existence of 
intrinsic long-range correlations is not found even in the case 
of heavy targets like AgBr nuclei. 
77 
4.2.2 Dependence of cluster size on charged shower particle 
multiplicity 
To investigate the dependence of the •; luster size on t,he 
relativistic particle multiplicity, Ns the data are divided into 
four different Ns groups, namely, i) Ns<9, ii) 10^Ns4l5, 
iii) 16<NSJ^20 and iv) Ns^21 , Furthermore, for examining the 
characteristics of clusters formed in 340 and 400 GeV hadron-
nucleon interactions, a sample of 93 A-N ^ d 156 p-N like 
interactions have been separately considered in the present 
analysis. 
For studying the charajt-eristics of the cluster formation in 
hadronic interactions, the charged shower particles in each event 
are arranged in the decreasing order of their pseudorapidity 
values. The particles having the maximum and minimum 
pseudorapidity values in each event are not considered as they 
are visualised to constitute the leading and the target particles 
and the cluster characteristics are examined by considering only 
the non-diffractive component of the cross-section. 
Several workers (8-12) have reported that the rapidity gap 
distributions in high energy hadronic interactions may be 
represented in terms of the two channel generalization (13) of 
the Chew- Pignotti model (15) having the following form; 
dn/dr - A exp (-Br ) + C exp (-Dr ) (4.3) 
where dn/dr represents the cluster density and A, B, C and D are 
constants. 
Distribution of rapidity differences between two adjacent 
charged shower particles for various Ns-bins at 340 and 400 '.leV 
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incident energies are shown in Figs 4 if and 4.12, for hadron-
nucleus and hadron-nucleon interactions respectively. In Figs. 
4.13 and 4 14, the distributions of rapidity differences between 
alternate particles are plotted at the above two incident 
energies. The presence of sharp peaks in Figs. 4.11-4.14 at 
relatively smaller values of the rapidity gap clearly indicates 
the possibility of the existence of strong two- and three-
particle correlations. The solid curves in these figures, 
obtained by using Eq.(4.3), are due to the predictions of 
Snider's model(13). The broken lines in each figure show the 
individual contributions of the two terms of Eq.(4.3). The first 
and second terms of Eq.{4.3) are referred to as the short-range 
and the long-range correlations respectively. It may be seen in 
Figs. 4.11-4.14 that the broken lines representing the 
contribution of the short-range correlation almost coincide with 
the solid curves in the region of lower values of rapidity gaps, 
while the lines corresponding to the second term of Eq.(4.3) 
remain appreciably far away from the curve. It is thus observed 
that in the case of two- and three-particle correlations, the 
short-range correlation plays a predominant role as compared to 
the long-range correlations. 
Four-particle rapidity tjap distributions are exhibited in 
Figs. 4.15 and 4.16 for various Ns groups at the two incident 
energies. Sharp peaks are not observed in the case of events 
having multiplicities, Ns ^ 10. However, clear peaks do exist in 
the distributions corresponding to the three groups of 
interactions having higher multiplicities, i.e., events with 
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Fig.4,11 Two particle rapidity gap distributions for 
different Ns-intervals in 340 and 400 GeV particle 
-nucleus collisions. The solid curves correspond 
to the model predictions obtained using Eq.(4.3) 
while the two broken lines represent the contri 
-butions of the two terms of Eq.(4.3). 
81 
dn/dr 
Of— 
H-
TO 
•^ 1 
OJ Z El) O 
J3 W I - ' H-
O. c+ tn 
OU (D r*-
rf^ hi HS 4 
S 0 13 *^-
!S c £» cr 
•d c+ c 
Q en 0) c+ (» H-
<* H- 0 ' 
• S O 3 
iX tn 
•d SD 
JB H 
t i tit» 
c+ CD O 
H- CL H i 
o 
M 
a» en 4 
1 t r 01 > ti 0 <x} 
c a H-
o a> a u 
M HJ H-
-( CD C+ 
-< C t) *< 
tn 0) 0 
t-s > H- C+OQ T l 
3 H- p> 
rt- 0 »0 
(D H^ cn 
^•i 0 
0) W 
o cr 
c+ P- (D 
H- t3 c+ 
O « 
3 a 0) 
U) H- (O 
Hh 3 
OJ l-b 
c+ 0) 
>i 
as 0) c+ 
*v 3 2; 
S3 c+ 0 
82 
lo'-
340 GfV j r - NUCLFCN 
4 0 0 GeV f=~NUClS:C^: 
10:£ N,^15 Ns^2 1 
10 
rCv """^ "^^^ 
t j . I 
-S. 
F i K . 4 . J 4 T h r e e - p a rT.i(.-J e r c ip : idn t . y d i i f e r e n c e d i s t r i b u t i o n ; 
if- '•'•AC^ - i ; , i ••'H')C1 {'w,V lusdi-.-in - nn<-'l (-.on r:o 1 1 i ;:ii o n s . 
i p /up 
84 
z 
o 
tiJ 
z 
o 
UJ 
_ l _J 
o 
^ 
J X 
> 
o 
> 
a/ 
O 
o o 
o 
o 
(\J 
- 0 > 
C <D 
CD C5 
u 
o • ^ CH 
iX 
«5 
d 
S CO 
43 -H 
-t in xJ 
o 
n5 O 
o h-
o 0 • 
o a. >» M in 
m < -P ft G CC •r4 O 
t J (n -H 
-H (U +3 
(0 0 03 
P (0 
U -P 
0 ft-H 
O X5 C 
CM (0 (D O 
c; tiD (p 
O ^4 rH 
-H res 0 
P X 3 
=! O C! 
•M xi a 
M P 0 
P IM !-< 
tn D T5 
-H O nj 
Q ^^ ,JG 
CD 
tiii 
-H 
CX4 
j p / u p 
85 
Ns ^10. The solid curves in these figure?, are obtained using 
Eq.(4.3). It may be seen in the figures that the exp«rimentai 
distribution corresponding to Ns <10 is in marked disagreement 
with the theoretical predictions Hovrever, the experimental 
distributions obtained for higher muit.ipiicity events, i.e., 
events with Ns ^ 10 are observed to be nicely reproduced by 
Eq.(4.3). These findings, therefore. reveal that four-particle 
rapidity gap correlations exist only in the case of events having 
higher multiplicities, i.e., Ns ^ 10. 
Five-particle rapidity gap distributions in various Ns 
intervals at the two incident energies are shown in Figs. 4.17 
and 4.18. It may be seen in these figures that sharp peaks are 
not observed at relatively smaller values of rapidity gaps, thus 
indicating the absence of five-particle rapidity gap correlations 
in all the cases. 
The values of the coefficients A, B, C and D occurring in 
Eq.(4.3) are computed with the help of CERN standard programme 
MINUIT with the errors as given in MINOS. These values are listed 
2 
in Table 4.2 along with the values of'V / DF for each fit, where 
DF stands for the degree of freedom. It may be noted in Table 4.2 
that the values of the parameters B and D for hadron-nucleus 
interactions are nearly equal to their corresponding values 
obtained for hadron-nucleon collisions. Moreover, the value of 
the parameter D is seen to remain unaffected with increasing 
number of correlated particles. This indicates that the particles 
contributing to the distributions corre.'3F>onding to the higher 
values of the rapidity paps are produced independently. The 
values of the coefficient B, which is regarded as a measure of 
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the strength of the correlation, are observed to decrease with 
increasing number of correlated particles. It has been reported 
(12) that the value of the coefficient B, strongly depends on the 
multiplicity of charged shower part.icies in hadronic interactions 
at cosmic-ray energies upto ~ 1 I'eV. However, in the present 
work, the value of this parameter B is observed to be independent 
of the shower particle multiplicity Ns. Thus, our results are 
not in agreement with those reported by Shivpuri and Gupta(12). 
Finally, for investigating the behaviour of the uncorrelated 
production, five-particle rapidity gap distribution has been 
compared with the Wigner distribution of the form (16) 
P (r) = - r exp (- - r ) (4.4) 
2 4 
where p(r) is the probability of findings the number of gaps 
having rapidity difference, r. The five-particle rapidity gap 
distributions are compared with the Wigner distribution using 
Eq.(4.4) in Figs. 4.17 and 4.18. The four-particle rapidity gap 
distribution obtained for the events having Ns <10 is also 
compared with Wigner distribution in Figs. 4.15 and 4.16. It is 
evidently clear from these figures that the analytical curves 
corresponding to the Wigner distribution, which is one of the 
nearest neighbour of the Gaussian Orthogonal Ensemble (GOE) type 
distribution, nicely fit the four-particle rapidity gap 
distribution obtained for the events having Ns < 10 as well as 
the five-particle rapidity gap distribution obtained for the 
various Ns-groups at both the incident energies. The values of 
•2. 
'J6/ DF for each fit are listed in the last column of Table 4.2. 
The finding.^ of the pre.'sent work, therefore, reveal that the 
90 
maximum number of charged pions constituting a cluster is four 
for the interactions with Ns > 10, whilst this numbex- is observed 
to he three for the events having multiplicity Ns < 10. 
Furthermore,the size of the cluster Is found to be independent of 
the nature and the energy of the impinging hadi-on. On the basis 
of these results, it may be concluded that the mechanism of 
multiparticle production in hadron nucleon and hadron-nucleus 
interactions are almost similar. 
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CHAPTER V 
5.1 Summary 
Various sincere attempts have been made to investigate the 
mechanism ol multiparticie production in high energy proton-
nucleus collisions in the entire range of accelerator energies, 
but, comparatively lesser amount of effort has been applied in 
the direction of examining the features of hadronic interactions 
using pion projectiles. Moreover, many new theoretical models 
have been proposed recentaly, whose predictions are yet to be 
tested. It was, therefore, considered worthwhile to undertake an 
experimental study of the nuclear disintegrations caused by the 
pion beam of 340 GeV which is the highest available energetic 
beam so far. 
In the present study, random samples of 637 and 1087 
disintegrations caused by 340 GeV TT-nucleus and 400 GeV 
p-nucleus integrations respectively and having Ny^  ^ 0 have been 
considered. 
The characteristics ol the slow particles and the behaviour 
of the iiiter-correlations amongst them are observed to be in fine 
agreement with the predictions of the model due to Stenlund and 
Otterlund. It is observed that like the total multiplicity 
distributions of grey particles, the multiplicity distributions 
of grey particles emitted in the forward and backward hemispheres 
are also energy independent Moreover the mean muitiplicities of 
grey particles observed i r. the two hemispheres and their 
dispersions are independent ut t tit nature ot the Interacting 
hadron in the case of h-CNO wh^ r^e as tor h AgBr interactions, 
the-^ e values are smaller in pion induced reactions as compared to 
those obtained in the casr of proton induced reactions. The 
angular distributions of grev particles are nicely explained by 
using the predictions of the Additive Quark Model. This 
distribution is observed to depend on the target mass in such a 
way that relatively more particles appear in the forward 
hemisphere for the lighter targets. It is also observed that the 
grey particles produced as a result of the destruction of 
correlated pairs of intra-nuclear nucleons are emitted at all 
possible values of emission angles revealing thereby that there 
should be no significant difference in the general 
characteristics of the disintegrations irrespective of the 
production of grey particles in the backward hemisphere. The 
behaviour of the correlations between the number of charged 
evaporated fragments and the recoil protons obtained using the 
predictions of the Stenlund and Otterlund model are satisfied by 
the experimental data in the range of Ng{Nj^  ) < 9 and beyound this 
value the experimental data show a satiuration in these 
correlations. It should be noted that the observed saturation in 
the correlation should occur because the energy of the struck 
nucleus becomes so large that there is no way to dispose it off 
except by undergoing total destruction. The findings also reveal 
that for any of the black, grey or heavily ionizing particles the 
multiplicity may be regarded as a Rood measure of the mean 
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number ol intra-nuciear coI 1jsi'ms These results have been 
verified by investigating the variation of the mean shower 
particle muitjplicity, <Ns> the dispersion D(N3) and the ratio 
D(Ns)/<Ns> with <1?(Ng)> and <1>(N, )>; where <l)(Ng)> and <i>(Nb )> 
represent the number of intra nuclear collisions estimated by 
using the grey and black particle multiplicities. 
The study of the characteristics of disintegrations with and 
without the hadronst grey or shower particles ) in the backward 
hemisphere lead to the following conclusions: 
i) The angular distributions of grey particles for the events 
with and without shower particles in the backward hemisphere are 
found to be of almost similar nature. 
ii) The angular distribution of shower particles for the 
iniieractions accompanied by the emission of grey particles in the 
backward hemisphere exhibits quite stronger dependence on the 
target size as compared to those which do not have grey particles 
in the backward hemisphere. This finding, therefore, leads to the 
conclusion that the interactions accompanied by the emission of 
grey particles in the backward hemisphere correspond to a higher 
number of intra-nuclear scatterings. All these results have been 
discussed in Chapter III. 
In Chapter IV, the forward-backward multiplicity correlations 
have been investigated j.eparately by analyzing the data 
corresponding to nucleon i N^ =0,1), CNO (2 4 Ny, .$6) and AgBr 
(N^ >, 7) groups of interactions. It is observed that the values 
of the mean multiplicity of relativistic particles observed in 
the backward hemisphere (<n^ j>) obtained against the number of 
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PiirticJes m the forward hemisphere are somewhat higher in 
comparison to those obtained in the case of the value of the mean 
muJtiplicity in the 1orward hemisphere (<nf>)again£t the number 
ot particles in the backward hemisphere which is attributed to 
the presence of backward asymmetry. The backward asymmetry 
observed in the case of nuclear targets is found to increase 
significantly with increasing target size. It has also been 
concluded that the observed forward-backward correlations occur 
only because of the presence of strong short-range correlations 
in the central region which is expected due to the decay of low 
mass resonances or clusters. Furthermore, when the contribution 
o± the short-range correlations are excluded, there is no 
evidence for the existence of intririsic long-range correlations 
even in the case of the interactions due to quite heavy targets 
like Ag and Br-nuclei. 
The dependence of the characteristics of clusters produced on 
the multiplicity of charged shower particles in 340 GeV K -
nucleus and 400 GeV p-nucleus interactions have been studied by 
examining the n-particle rapidity gap conrelations. The results 
reveal that the maximum number of relativistic charged particles 
constituing a cluster is four for the disintegrations with Ns^l0, 
whilst this number turns out to be three for the interactions 
having multiplicities Ns<10 The size of the clusters are 
observed to be independent of the nature and energy of the 
projectile in the energy range of ~ 50 GeV and above. These 
results, therefore, tend to indicat,e that the mechanism of 
multiparticle production m hadron-hadron and hadron nvjc 1 eus 
interactions are perhaps the same. 
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